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"lNDOO\\ Ali· 0UAI..IT"i INSlbE PREMISES \JHERE NATURAL GAS 
APPLIANCES .\RE· OPERATING• . 

ABSTP.ACT. ihis paper deals with the correlation existinq between the 
combustion of natural gas by appliances operating in the domestic 
tnvironment, and indoor air quality found in these same environments, to 
the following effect. 
Certain considerations are developed relatinq to th~ most widespread 
applianc.es, p·ar:·t-icui ary to new types of burners able to reduce the 
amount of pollution produced by combustion. 
The process of natural gas combustion is analysed, under conditions of 
both requla.r and anomalous operation of the burners. 
In conclusion, research (nitiatives are examined for the development of 
devices to reduce NOx, and for the prevention of- the reflux .of products 
created by combustion into the environment. 

.. 

·. 

·. 

~ . . -- - ., -· .. ... 

53 



l. · INTRODUCTIO~ " -: \ ... 

Iri '- the past three .6decades, a significant · ~ffort h~~ ~ been; place~ by the 
research and professional community in developing technologies ·~.nd 
re~blaiions aimed at ptot~cting the quality. of oui~cipr al~. 

In recent years only" it has .been argue¢ ;that. ev.e_n .h_i.qher . r.i sks for 
human health may derive from the· exposure to indoor air .pollution . for 
two basic reasons: firstly because in devel~ped ~ount~ies most pe6ple 
spend the greater - par~ Of their lives .i ri:. C:Onfined S,Paces , secondly·· ~ 
because pollutants may be present in indoor· air .at· levels jl{hi-.ch are 
higher than outdo~rs and P,azardous to humans. · · . .. ' : ~ ~ . 

·The ga:Sr'(ndfistry. - which has play.e·d •an ·tmporta~t ·ro_le in the fight 
against atmospheric po.lltt.tion, by promot-ing the :.diffusion of ,a ".cleaner" 
energy sQurce - is deeply concerned about the JndoO,-q Air Quafity·. (IAQ) 
issue. f · r..- : : · · · :· · · · 

There are several reasons which justify an active ~ ~nvolvement of 
the gas industry in research on ·IAQ. One reason is :_ttie.fact that 
c;ombustion eq1Hpments {no .matter ·what fuel they ~u§e) are a •potential 
source of i-ndoor .pollutio·ri. ~ Compared to · other SO\lfCes . Of indoor . , 
pollution' "'whicn are . virtually impossibl·e to : el imtnate and otten even to 
reduce, the · inipact ·of gas appliances · on·iiidoor,!'Hr.; can be controlled by 
proper design ; installa~ion and maintenance, ~ -: 

A second · important aspect is the interplay betw.een IAQ, safety and 
energy efficiency. It is well known that one of~the causes of poor 
indoor air quality is insufficient ventilation, a consequence of ~ 
nunwise" energy: savirig policies; but poo:rly ventilated spaces, in turns, 
can also be urisafe, if they host combustion equipment; safety ~nd higher 
IAQ are .there~ore linked goals, which must be pursed by technological 
i'nnovatfon, •better design and more detali;ed requlations. · '.·,. 

Finally I there are interesting opporturii ties -for . development in gas . 
. combustion technology, leading to higher energy efficiency and.lower 
pollutants emissfon, applicable not only to lar:ge · industrial plants, but 

'-also to small-scale residentia t· installatioris:i -11; : · , · · , , 
. .. ~. ~-~ { ·: , .. 

'f .' '·THE ·COMB\JST!ON OF GAS AND IAQ · · " . . : .- .. i· : t . 
.... I ~ • . '· ' ~ - _' ' • °': 

Combustion appliances e.or cooking, service hot water pro~µction;; "or 
space heating are ' normally ' Ptesent in Italian :.dwellings! . Such .. 
appliances I whiCh are mostiy fired · with natural gas ' p,r:~ J;.~G. h.ave an 
impact · on"IAQ whenever -eiue gases are released indoors: - ., . , 

Combustion of natural gas ~ o·riginates , · und~.r · stoi-chiometric' '· 
condition I : caxtion r d,ioxide and water ;.,a pour... :· : . , , - -

. r'n a9,dHion , to such- components~ . other Stl'bstances aJ.Et generated in 
real combus-ti9n pr.ocesses which-' n~ed cons:~der.a:t;ion: Ca-rbon·; ~onoxi-de {CO) 
arnt' Nitroqen 9,x,ides {NO ) are the .most si.q1nif:i,cant indoor~ po-llutants 

• .::.-... ,. - - 1 x . -
which may· :f.orm .in the · C:omb.ustion· of natural: :ga.~: 9 ·f. ':: . 

: 'I:h'e dsks that ma.y be· at.tr.ibut..e'd ~t.o ~exp65:'1:.re:, ev·en for l ini.i ted 
t ~~es .; fo ,co_ · co.ncen~ratiOns i·n>in:doo·r. •afr i.xce:.edtnq a . fe~ hundreds ppm 
ar~ weq _ kno~n. NO .'·f:t'self has · a .negligih.l'e '15.anitai::t tinpact •. but. .~ 
comrti tut~· 1the '.'f .1:'N>t step .Ln•. th.~: f ormat·i .on •: Qf ;pho.tqdiemi<;al· smo;g, a 
~ompLex mixfure: -~ subst'anc~s '· · · foclu~ing; ,oz.arre a;nd .nHtogen d~oX°i.de, 

1 ~ "!!li~rrh'.~a-~e hazardous tcthum:an~. hea-lth.' --~~ ,:" : _; . ': · • . ~ . :.,:I•": ~ 
-: · ""The formation of oot11 ·co a~d:1NO are .clos·e1y !-1 inlsed -. to c the . 

16ombusti·on conditions . . A high ·cottcentratnion df ·CO r, inr.flU~ y gq.ses is due 
to incom~l~~e combustion, which takes place if the supply of oxygeh to 
the flame region is low campared to th~ mass of gas to be burned. In 
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domestic gas appliances, such phenomenon may be due to incorrect gas 
supply or, more frequently, to anomalies in the supply of combustion 
air. !he link between co formation an~ o2 concentration in air is clear: 
if th~ latter drops to about 19%, the rafe of tormation,of,CO raises 
dr·amat.ically. · c -· 1~ ,. .~ ,_ • 

The most 1:15\l.Jlli causes of air supply anoma)ies are the following: a 
po'Orly:·Xl.es·i'.gneu':gas_ ,exhaust system or an ii;isuff i~1;,ent supply of 

( comb~stion ~ir~:due elther to the ~nderdesize or~even to the absence of 
~ ~urpose·-pro.v-ide~ .openings·. ·. ·: .. _· · · · .- · ····'· 

. . ! "th~e .inst·a·lla,tion- of g.as.c apphan'ces in' _lJving spaces and the 
combustfon air s.u?P:ly c_haracteristics· are .. sp:ecif'.ied~';.in'. !t·aly by law, as 
discussed in section 3. ; .· .·: · . . . . · ' · ·• · ·. : 

~I 0 I• • .. ,. 

· The formatTon of_ NO i:.s .rnpstly :influ.en,ced by· t _h,e_· :combµ-stion 
temperature' :the' 'excess- of air.· ~nd ·the ·r-e·~).den~e bme oi' flue gases in 
the 'high-tempera.1tur:e: .flame region . . 'All s·u·ch· pa ·ra~e .t·e:r' s· may ·be 
controlled, at least in theor·y, by pr"ope·r· desi'q1i ahd mef.nagement of the 
combustion pr0ces~. : . · ... · 

AS it Will be:_di6CUssed in section •\-,:J;ta'\,ga,s'tid.s bee·n involved in 
recent years·. in several -r~~earch progr.am . r'el.it~q . to ).\q . T'he main line 
of research is· concerned.with innovativ.e com'Qustion 'techno·iogies, aimed 

. : ~t NO .reduction~in gas flames tsee se~ti6n 4.I l : · s~~h i~chnologies have 
.~ · a s igfli f icant im{>a~t ~ >)Jo~h · i~. reducin~ a ~m~sphet i 9 .Pop~t i9n an~ 

improving IAQ. In addition to this , res~arcfi area .:~" whtch .- is carried out 
in Italgas's laboratorie5.:..·"a new 'program ·.on lAQ t:ia:s been ' recently 
started (see sectio~ . . 1L2. ·).: .. · .. : ... : · : _ · · . . c: · • · ·: 

· -3. ITALIAN ·sn.NDAP.Ds oN THE vENTILATrotr OF ··~09Ms WHERE. ~As 
' ARE OPERAT-ING 

EQUIPMENTS 

There is, at pre~~nt, no ~peci~ic set· o'f reghlations. ih· 'It~al·y regarding 
the quality of ai~.in domestic envir.ori~ehts. Nevertheless~ the UNl-CIG 
regulations' -enacted a·t the beginning of the sevent_i~s ·- though 
indirectly ·are the first set .of .reg4lations regar_ding the quality of air 
in domestic:: environment~ wt:ier~ gas equip~ent· ,is operat.ing. . . 

These regulations concerri prciblems·reij~tding the ·safety of gas 
equipment and, 'in· particular, the Oiischarge of ,combustion products and 
tp.e r'epl~ceme~t of combustion air in premises in which' gas equipment is 
ins.tal led·.- _ . . . ~. , . . 

· The fo~lo~ing , are~ th~ main points ~&f · the•~ : regui~tions: 
a} ~· g~ e_qU:ipi:n~n-1; .for · the ' heatinq !:Of premisei a~d t\1~ production of 
d..omesti c hot!·wate-r : {wHh:-.the exc.eption ·of ' ~inal:l instant .; water heaters) 
mus.t ·b:Y::i a~· :be con~ec~.ed c9 · a . flu~. wi~~~ oi;i~1e i:.ir:itd . : ~~~~ oe.~n - airi 
b) cooking equipment {rings, , cooke:rsl . must ' dischatg~ combustion products 
into -~peci,ql :tl_oods · conne.c.~t.ed· 'to · Biies· pr. l~iiding - dire'c.tly outside. It 
·has .b~~n ·.a.ef\\onst~.a~e.<r .experime~t,~~ty: . · .th'ouqp, ~ that · · ~ye;t~ w~e.r.~ ~~-is 
regula:-1!-io.n, .~s ignore.d;,. a-s. ,long ~~ .the rtqulati'ons 1 n~gardinq . ven:tllation 
of premise!;! au re::s:ire'cted 1 exposur.e: .to"• ~ll.i,-t-r~og~n~"'o'x1a:es 'Ys" neglige'able t 

. _ · and in any .)Case 9eiiQ'¥' t~e· .: L-ev..e;~·~. -;ifldi'.cat_~.d·'"'b:f· r .i t_e.r a~.~_re "-a·:t .. th·e· · · 
··" · thr.es.hold. -o-f ri!'~·; =-T~i-~ 1.s ~u.e.,; t91..th..e mo.de.si - p~~p~t- _of :the· · equ~_pment 

~~staqect ,_ L~-0 ._t-t1·~ o~.9.ef :of: ~Q ·~ ·:1{~~\!l,. · 't:ti~ ·.s~pr::;t t¥\,~ ·-~,~r. wt)_ic~ ti t is 
e;mp l o.yee :-~mi ·-- 1. lfs r..q:~cr~sional .u~~ {~at most t-:Z Ji<>u:r:s y~-1 ~e . .a da:.~). ;,. ~ 

! --c.)' the reg\;1Iati6n.s, ~,"t or .. th.e v~ntHatlon 'qf ' ptemi._:ses .. fo· which q'a's-: 
eq1:1ipm~~~ i~ ope~at_ ing, _r~quir~ ·· ~~ ·r.~aiJ:ent v~nt\1a·~r~-n'_ op~nA~9~~ · o·~. at 
least 6 -.~ Fm ... : ~·Or ~v.ep..)c ~~.i~ 2~w ~-!l~~~lled .. c;apaci ty. ·wi:.;:h m1 11l~um fre~ 

. :ventHaU0n .atea -of ~ OQ <:=.~ .- T}'l~r~ ~ open i-n9s ensure ~hat the :.~9~ipment 
" . -~ ,; ~·· . ~f··_, - · 
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operates regularly and correctly, combustion beinq OP._~imal (with 
negl ige,able productipn of carbon monoxide), and at the same time they 
facili~at~ the ventilation of the premises with th~'consequent dilution 
ah(r eTimination of other pollutants, such as water _vapqµr: and carbon 
dioxide, deriving from domestic activities. · ·-- .. 

In conclusion, the utilization of gaseous fUels, in accordance with 
the regulations cited above, does not compromise the quality of the 
indoor air in closed premises. 

4 . THE ROLE OF THE GAS INDUSTRY IN IAQ RESEARCH: ITALGAS'S EXPERIENCE 

Gas companies have always paid attention to the problem of e,rlVi_ronmental 
pollution, and in particular to that of the indoor environment. Italgas, 
~or example, has been involved for a considerable time in sectors of 
particular interest: 
- in supporting research and technological develo~ment ~f low 
environmental impact burners; · 
- in supporting the introduction of regulations concerning gas equipment 
and clean combustion; 
- carrying out studies on the quality of air. 

4.1. Research into new conception burners and development of relavant 
technology 

!talgas ' s activity in this sector is aimed in particular at verifying 
the environmental performance, as well as the energy performance of 
burner~ which limit the production o! nitrogen oxide~ lNO ). 

This greater interest for NO than for other . :polluta~ts is a 
conseq~ence of the physical and cfiemical characteri~tics of natural gas; 
- physical, because with natural gas it is possibl~ to create . 
homogeneous fuel-air mixtures, thus reducing the quantity of unburnt 
products; · 
- chemical, because in the composition of natural gas, certain 
pollutants are absent (sulphur compounds) and thus the combustion 
products are particularly clean. Furthermore, although the 
stoichiometric combustion process produces water and carbon dioxide, the 
need to operate in an excess of air in order to complete and speed up 
the combustion reaction caus'es nitrogen oxides to be produced. 

4.1.l. The formation of the nitrogen oxides and some measures to reduce 
their emission. Various factors influence the formation of nitrogen 
oxides during the combustion process: flame temperature, excess of air, 
reaction t1mesi as well as the ty~e of reaction adopted. 

The scientific lj.terature and tests carried out show that, because 
of its physical and ch~mical characteristics, gas is the fuel which, 
conditions being equal; produces the smallest quantity of nitrogen 
oxider. 
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TABLE 1 - Estimate of the emission, in tons, of the main atmospheric 
pollutants i~ . Italy in 1984. . 

Sulphur 
oxides 

Nitrogen 
oxides 

suspended 
particles 

Carbon 
oxides 

Volatile 
Organic 
compounds 

. . . 
coal 

' 
·1791000 . 

109,000 
, 

9,050 

10,000 

l, 910 

Natural ga,s Petrol -

292 6 ,·400 

' 

107,000 498,000 

1,4.40 21,300 

19,200 4.4.70,000 

7,060 . 379_, 000 

Diesel 
oil Fuel O'fi·· Tot. . . . . --

24.0,000 l, 740 '000 2,165 

--
4.97,000 220,000 1,4.31 

--
214 I 000 118; 000 3,637 

--
5?8' 000 17,900 5,095 

. .. 
.. --

253,000 4.,030 6,4.00 

--
As can .be seen from Table 1 _l2l, emissions of NO fro~ the combustion pf 
natura1 gas for domestic, manufacturing and comm~rcial use in Italy are 
much les~. conspicuous than those der·i ved f roin other foe ls, in particular 
f(om solid and liquid fuels. 

. - . ·-· - . 
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TABLE 2 - Diviston of the emission in tons of the main atmospheric 
pollutants in Italy in 1986, by type of utilization of the fuel. 

Aqr i c. Transport I nd . Res id. El ectr . 
fish. comm . produc. Tot . 

-· ... ·- . --
Sulphur 22,000 84.,000 616,000 153,000 1,199,000 20740 
oxides .-; -.; -.. 
Nitrogen H,000 809,000 189,000 69,000 4.28,000 15690 
oxides 

--
Suspended 28,000 231,000 49,000 48,000 56,000 4.120 
particles 

--
Carbon 148,000 5048,000 87,000 261,000 26,000 55700 
oxides . 

--
Volatile 41,000 668,000 8,000 4.4.,000 7,000 76800 
organic 
compounds . 

--
From Table 2 (J), which gives the emission from combustion 

processes of the major atmospheric pollutants in Italy in 1986, analysed 
by sector ac~ording to the use of the fuel, it emerges that the sector 
with the highest production of nitrogen oxides is transport by road, 

.followed by the production of electricity. 
Wi~h regard to co, petrol and diesel (Tabl • 1) and thus the 

transport sector (Table 2) are the fuel and sector of utilization, 
respectively, which are most pollut ing . 

As already mentioned , t he 'theory states that the formation of 
nitrogen oxides depends pr edomi nant ly on the reaction temperature, and 
to a lesser extent on the part i al pressur e of the comburent oxygen. 

· Some measures make i t possible to r educe the emission of NO, in 
particular: 
- the effective combustion temperature should be kept as low as 

possible; 
- the partial pressure of oxygen should be re~uGed; 
- the air index should be kept as low as pos~i.ble: Fig. l gives ~~e 
emissions of nitrogen oxides and carbon monoxide a~ ~ funqtiQn o~ the 
air index for a forced-air gas burner. The re4uc~iqn of the ~XGe~s of 
air is a delicate operatiQn oecause, as can be seen e.rom the d.~aq~am 
(Fig. l), a reduction of the air index qorresponds both to a re~uction 
of nitr9qe~ oxides, aqd _at th~ . s~m~ time to ,n increase in the 
production of carbon ' monoxid~ '; ', ·. ;' : . / ·o·' : .. .> 

- the time which the gas remain$ in the zone above 1300"C snq4ld be 
reduced. 
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4 . 1. 2. Review of ti1e tvpes of burners . The fo Howing types: of. bur'ners 
limit the productf"on-of ni troqen o~i<ies . · · · · · 
a) Burners with compiete pre'-m'ixing of foel. 

Burners with complete pre-mixing of fue1 'and air'. are at present 
believed to be most effective in limiting the productlon :o~ , nitrogen 
oxides. with this type of burne:r, with increased mix·1rig of 'fuel !3,nd air, 
it is~ possible to avoid or l'imit zones of ' high:· temperatute ; '·These 
burners also possess the positive char-a'Cteristic of permi ttinq . 
combustion with smaller excesses of air, without ·ex.cessive increase in 
the emissio:n of carbon monoxide. .. ' · ·· 
b) catalytic burners. '' (' . ~- " ' 

The aim of these burners is to reduc·e the temperature of the flame 
by using suitable catalyzers to allow 'the ~6~tiustion process to develop 
at lower temperatures. 
c) Burners with inser·t (ceramic or metal·) . . -. 

In these burners, the temperature reduction in the combustion zone 
comes about through a suitably-placed insert which dissipates part of 
the heat of the flame into the combustion chamber· .. ·Materials are used 
which are resistant to high temperatures; these 'can be -ceramic or 
metals. 
d) Ceramic burners . · · . . 

The operating , principle, which is common to practically all models, 
can briefly ·be described as follows; · Gas fuef! ~ and • air i '. thoroughly 
pre-mix.ed, pass through a porous ceramic ·bur.ner ;' a pilot ligt)t s~arts 
combustion on the surface of the burner; combustion then becomes 
selfsustaining, causing the outer surface of the ceramic support to 
become incandescent. · 

Another interesting characteristic is the size and shape of the 
flame, which remains small: just a · few millimetres. ,Tpe 9ombUstion 
temperature i~ also kept within limits (approximately 1009 : °C) ~ 

FIBRO-CERAMIC 'MATRIX 

TEMPERATURE 

[ ·c] 
•I 1000 

70 ~ :- -:- - - .......... ~ _ .. ~ ,.. 

·- ' J 

l "' - ! . . ,,.... 
" 

Ii .. : . ~ • 

INFRA- RED 

RADIAnor.r 
• : • : t'\ 

i .. i;- - • 

t·~ :-~ ·, .... 
_..._....._ .... ,J '"" ; .. , , ~J . .. , ~ -- ~ ... 

.4 - ~ - ... ::- \• (, ' . ; 

FIGURE 2 - Di~gram of the temperature within the fibro-ceramic burner 
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~~ Figure t•?.~i. s a diagrai;n of..,,the t.~ll\peratures within'. the f ibro-ceramic 
support. On the surface, temp~ratures of 050-: tcr ':1:100 ··c-are reached; 
this l~w temperature kee,ps_ emissions: of NOx in ~: the orde'r of 10 - 20 ppm. 
e )- Per;forated; _matrix burners. 

: ~ Th,i.5 ttY:Pe .of burner consists of a support for combustion ma9.e of a 
p~rf~~ated ~~~amiq.aatetial. 1n this case, the.pre-mixed fuel and air 
pass :th,r-04qh t.n.e per~forat_ions : in the suppor.t and produce an ·e.xternal 
comb'Li~1;-~01'; .with._. a fr-~e f 1-ame, whi.ch is very clo.se to the suppo'rt' and 
exchange'.s -.radiant h~e~a~- - with:this. --· .. · · · :·; ·•. · .. · · 

Operating temperatures ~re of the order of~90~ ·c~ and emissions of 
nitrogen oxides are below 20 ppm. . 

Some _prob le.ms: wi·t.n .th~s tyP-e of bu.rne-r ar·e : ·· ·· ' · , 
- possible' na·sh:..back dur·in·g operat'ion·'· in the radiant- f·i·eld; 

di ff icul ty of obtaining .correct operation· below· -20·%·.- excess of air; 
- vulnerabi 1 i ty to thermal shock due to ' the c·on:siderable· .. mass of ceramic 
support. . . - . 
f) Burners ~ith ~etallic mesh ~ ' 

, In these,.bur,he'i:'s ~ .... a -ineta'l lic mesh or a perfora-ted steel sheet 
substitutes :the cer.amic m·atr'ix as a suppo.rt f.br- .c·on1.bustion. The mesh is 
manufactured from stainless steel or Inconel, which .have similar 
performances to those of the ceramic support. In o.r:der.· to avoid 
overheati~g ·of .: ~he radiati"ng- screen, these burners .mu13t· .operate with an 
excess of -·ait __ ~e~'!"eel} ._ 30· and so·~, -but· d·espHe ·thts the ,,emission . of 
ni tro'gen oxides .:·ref!l.ain·s :below 20 ppm~· \ .- •' · . . · . -; · . . · · ~ · 

' •, ('v" t,' • • .'. • I ..., • :. : ·, 

~ ' ..,· : ' . 
4.2. Experimental research program on IAQ 

An experimental research' program, 0 jointly ·conducted by Italgas and 
Poli tecnico di Torino., is -presently u.nder 'way. .. 

Two identical, instrumented single-family houses have been recently 
completed by Italgas. Such dwellings have been constructed according to 
a design and technology representi_ng the . Cl:lrrent building practice, and 
complying with existing regulation·s ·.on·-safety and ener.gy conservation 

During the first year of r,esearch (September 1990 - August 1991) a 
thorough analysis of the thermal and f luidynamic behaviour of the two 
buildings has _been conducted.--A :computerized monitoring system was 
installed in order to coll~ct data i ori the energy b•lance of the 
buildings {weather data, ind~or .. ~e,mper.a~uFes, energy consumption). 
Infrared thermog.r9,phy- was, 'us.e4-to identify anomalies in the building . . . . . . . . . ... . . \ . . ... 
envelope (thermal_,bt-~dg:es,). ~r~ssu:ri;zation 1 tests were performed using 
calibrated blower_ .. :<;loors, '\n iorder· to evill:Jta~e the air thightness of the 
two dwellings. Tracer gas equipment. was use'd to measure the actual air 
exchange .rate under norma.J operati'ng and _ weat~er conditions. 

In parallel with the expe-f';i.~tttal work, computer mod~ls were 
developed, in order t_q st.mµlate the thermcll dynamics and the air flow 
patterns in the bui td'i·ngs ;~- wrtK"~partic.ular . ~tt.ent ion~_to:. the interplay 
beetween air movement and combustion equipment '6perit-ion. 
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